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(54) Grooved Filter Elements 



(57) A tubular filter element 9 Is 
continuously cleaned during filtration . 
by causing the Incoming liquid (e.g. 
textile processing waste water or salt 
water for reverse osmosis separation) 
to pass along groove(s) 12 formed in 
the inlet surface of the filter element, 
the groove(s) extending axlally, 
helically or tortuously and being 
closed in the radial direction either by 
a tube 8 or by similarly grooved, 
adjacent filter elements. A plurality of 



such encased grooved filter elements 
are contained in a housing 1 , 
unfiltered liquid with its entrained 
solids leaving through outlet 21 having 
a pressure controlling valve 24 and 
filtrate being withdrawn from outlets 
22. The tubular element either acts 
directly as a filter element or as a 
support for a filter coating thereon, the 
element being of porous plastics, 
ceramic, graphite or sintered steel. 
The grooves are triangular, rounded or 
rectangular in cross-section and the 
tubular element may be hexagonal* 
triangular or square in cross section. 
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SPECIFICATION 

Improvements in or Relating to a Filter 

This Invention relates to a filter and more 
particularly to a filter system comprising at least 

5 one tubular filter element with porous walls, 
through which the liquid passes substantially 
radially, particles above a specific size being 
retained at the upstream surface of the walL 
Tubular filter elements of this kind consisting of 

1 0 porous plastics, ceramic matiertat metaL graphite, 
etc are known. They are used either directly as 
filter elements or as a support for a filter material 
applied In a liquid phase at the upstream surface 
of the filter element, to form a solid coating of the 

1 5 filter material. Such diaphragms enable very fine 
filtration to be carried out. Mixtures of solvents 
and dissolved particles can be separated by 
diaphragm filtration. The separated particles are 
retained on the surface of the diaphragm. 

20 if the solvent and the dissolved components of 
the solution for filtration have substantiaJly the 
same molecular sizes, as is the case, for example, 
with common salt and water, the separation 
is referred to as "reverse osmosis", since 

25 separation takes place in opposition to the 
osmotic pressure, the pressure on the solution 
side must be in excess of the osmotic pressure if 
filtration is to be achieved. The pressures required 
may be considerable; for example, a 10% 

30 common salt solution has an osmotic pressure of 
80 bar, and this must be overcome. 

When the sizes of the molecules differ from one 
another considerably, then "ultrafiltration" Is 
involved. This is used for concentration, 

35 fractionation or the purification of 

macromolecular solutions. Since the dissolved 
components may have a high molecular weight in 
comparison with the solvent, generally more than 
2000, the solution have only a low osmotic 

40 pressure, and therefore separation in these cases 
can be carried out at relatively low pressures, e.g. 
1 to 1 0 atmospheres. 

The particles which are to be separated are 
retained on the upstream surface of the 

45 diaphragm. If the liquid for filtration remains, for 
example, substantially stationary against the entry 
surface, and if no special steps are taken to 
discharge the accumulated particles a layer of 
separated particles forms during operation of the 

50 filter and reduces the permeability of the filter 
system or increases the operating pressure 
required. Thus the layer of separated particles 
forming during filtration is preferably removed 
from such a filter system at regular intervals. 

55 The present invention seeks to provide a filter 
system of the above described type which can be 
operated continuously at constant pressures. 

According to this invention there is provided a 
filter system comprising at least one tubular filter 

60 element with porous walls, through which the 
liquid passes substantially radially, particles above 
a specific size being prevented from entering at 
the entry surface through which the liquid enters 
the filter element wherein at least one externally 



65 closed groove forming a flow path leading from 
an inlet for liquid to be filtered to an outlet for said 
liquid after liquid has been filtered therefrom is 
provided in the said entry surface of the tubular 
filter element. 

70 It is believed that the provision of the groove or 
grooves leads to two effects. 

First of all, there is a flow path along the 
surface, through which the total quantity of the 
liquid for filtration must pass, the flow cross- 

75 sections being relatively narrow. In these 
conditions the liquid for filtration experiences 
good contact with the entry surfece formed by the 
walls of the grooves. The liquid for is In movement 
everywhere relatively to the entry surface, so that 
80 particles retained on the entry surface after 
separation from the filtrate by the Alter element 
material are immediately rinsed away and remain 
in suspension or In solution in the concentrate. 
This effect can be assisted if the grooves are so 
85 devised that the flow Is as turbulent as possible in 
order to prevent the formation of laminar 
boundary layers with practically stationary zones 
near the wall at the entry surface. It is therefore 
impossible for parts of the entry surface to form 
90 what are known as "dead" zones, in which 
separated particles accumulate to form a layer 
because they are not removed or discharged, and 
it is also impossible for appreciable quantities of 
the liquid to pass through the filter without 
95 contacting the entry surface, because a large . 
quantity of the liquid remains in the interior of 
large cross-section stream of liquid. 

The other effect of the grooves is believed to 
be that the entry surface of an otherwise identical 

1 00 filter element in respect of its external dimensions 
is increased with respect to a purely cylindrical 
entry surface. This is important particuiariy when 
the actual filter element bears a filter diaphragm 
on the entr/ surface. As a result the throughput is 

1 05 increased for a fixed input pressure. The surfece 
area may be increased by a factor of 2 to 3. 

The entry surface can theoretically be either 
the inner surface or the outer surface of the 
tubular filter element. In the preferred 

110 embodiment, however, the outside is constructed 
as a grooved entry surface. This is done primarily 
for practical reasons because it is easier way of 
forming the grooves on the outside of a tubular 
fitter element and because there is a larger 

115 surface available on the outside of a tubular 
element. A more important reason for this 
preference, however, is that the sintered 
materials or other porous materials used for the 
filter elements can take much higher compressive 

1 20 stresses than tensile stresses. Given identical 
pressures, therefore, a filter element may have 
thinner walls when the pressure is applied from 
outside. Consequently, the flow resistance falls 
and so does the power required to process each 

125 unit volume of filtrate. 

The grooves may extend axially, helically or 
may follow a tortuous path on the tubular filter 
element. The said closed surface may be formed 
by the wall of a tube which, in the case of grooves 
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formed on the outside of the tubular filter 
elements, encloses the latter and engages with 
them. In that case, therefore, it is formed by an 
external part separate from the filter element. 

5 Since the liquid for filtration may. In some 
cases, have to be put under considerable pressure 
to force the filtrate through the pores of the 
diaphragm orfilter element the tube containing 
the filter element is advantageously located In a 

1 0 pressure housing or casing In which the 

concentrate pressure i.e. the pressure of the liquid 
from which liquid has been filtered acts on the 
free peripheral surface of the tube. 

In this way, the tube is not subjected to a great 

1 5 pressure if the concentrate Is also pressurized. 
The tube structure can be made lighter In such 
cases, because it then has to withstand only the 
differential pressure between the entry pressure 
and the counter-pressure of the concentrate. This 

20 differential pressure can be selected by 

appropriate acQustment of the counter-pressure. It 
Is only required to be at least equal to that 
necessary to convey the liquid for filtration 
through the grooves in the filter element. While 

25 the entry pressure to be accommodated by the 
pressure housing may be in the order of 
magnitude of 1 00 bar in a practical construction, 
only values of a few bar remain for the differential 
pressure to be taken by the tube. Enclosing the 

30 filter elements in a tube also has the object of 
covering the high-pressure grooves with an 
element which can itself be exposed to a pressure 
liquid such as the concentrate and is thus relieved 
of any stress arising from the high pressure. 

35 In one practical embodiment of the invention 
the inlet for liquid to be filtered Is situated at one 
end, and the outlet for liquid from which liquid has 
been filtered is situated at the other end of the 
tube, a pressure-tight partition Is provided in the 

40 pressure housing or casing and is sealed to the 
pressure housing or casing and the tube and 
divides the pressure housing or casing into a first 
chamber and a second chamber, the said Inlet to 
the filter element and also the Iniet to the housing 

45 communicate with the first chamber and the said 
outlet of the filter element, and the discharge 
outlet of the housing for liquid which has been 
filtered communicate with the second chamber. 
As a result of the pressure-tight partition, the 
50 liquid for filtration cannot immediately pass from 
the pressure housing inlet to the outlet, but is 
forced to cover the distance along the filter 
elements from their Inlet to their outlet. 

The pressure housing discharge outlet may be 
55 followed by a pressure control valve to produce 
the aforesaid counter-pressure, which partially 
relieves the tube of pressure and is also intended 
to Influence the filtration operation. 

As described above, the "closed surface" 
60 resulting in the forced-flow path may be formed 
by the periphery of a tube which surrounds and 
engages with the tubular filter element Parts in 
addition to the filter element are required tn these 
conditions to form the forced-flow paths. In 
65 addition, the areas left between the tubes 



constitute considerable loss cross-sections. 

To reduce the outlay for forming the "closed 
surface" of the grooves and avoid loss cross- 
sections, according to an important aspect of the 
70 invention the grooves may be closed by the 
surface of an adjacent tubular filter element 

The adjacent filter elements are thus situated 
side by side and themselves deflne the forced- 
flow paths, so that no additional limiting elements 
75 are required. 

Advantageously, the cross-section of the filter 
elements complement one another so that a 
plurality of filter elements form an assembly 
having an overall cross-section which Is tightly 
80 packed and has the liquid flow passages defined 
by the grooves. 

The filter elements thus form a compact set, in 
the cross-section of which only the Inside cross- 
section of the filter elements and the passages 
85 left at their surface by the grooves are freei. 

To this end, the filter elements may have a 
regular polygonal cross-section to enable the 
elements to be packed tightly. 

This means that the filter elements may be 
90 packed together to form a larger cross-section 
without leaving any intermediate spaces. Cross- 
sections in the form of an equilateral triangle, a 
square, or an equilateral hexagon are thus 
possible. A pentagonal cross-section is not 
95 preferred, however. 

The embodiment with a hexagonal cross- 
section is generally preferred because it is fairly 
close to a circular cross-section and the paths to 
be covered by the liquid through the filter element 
1 00 material until it reaches the inner wail are of a 
similar length on entry from every point of the 
outer periphery. 

Conveniently, the tubular filter elements 
together are disposed in a tubular housing and the 
1 05 residual cross-sectional areas of which cannot be 
filled by the filter elements are filled by filling 
elements of appropriate shape. 

Preferably the tubular filter elements are 
disposed in a housing having two end caps and 
110 the tubular filter elements being closed at one 

end, and, at the other end, tubular members being 
provided which produce a seallng-tlght 
connection between the interior of the tubular 
filter elements and the outside of the end piece. 
115 In order that the invention may be more readily 
understood and so that further features thereof 
may be appreciated the Invention will now be 
described by way of example with reference to 
the accompanying drawings, in which: 
1 20 Figure 1 is a longitudinal section through a 
module containing a plurality of filter elements; 

Figure 2 Is a cross-section on the line II — II in 
Figure 1 through a single filter element; 
Figure 3 is a longitudinal section similar to 
1 25 Figure 1 , of an alternative embodiment on the line 
lll-^illnFigure4; 

'Figure 4 Is a cross-section on the line IV — IV in 
Rgure 3; 

Figure 5 is a side elevational view, partly cut 
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away of another filter system according to the 
invention; 

Figure 6 is a cross-section through the filter 
system shown in Figure 5 to an enlarged scale; 
5 Figure 7 is a diagrammatic cross-section 
through a single tubular filter element Illustrating 
different groove cross-sections, again to an 
enlarged scale; 

Figure 8 is a cross-section through a space 
1 0 filling element used In the embodiment of Figures 
6 and 7; 

Figure 9 is a sectional view of part of another 
embodiment of the invention in which the tubular 
filter elements have a substantially square cross- 

15 section; and 

Figure 1 0 shows the connection of the filter 
elements of Figure 5 on the outlet side. 

The filter system 1 0 shov\m In Figure 1 
comprises a pressure resistance casing having the 

20 general reference 1 and consisting of a tubular 
part 2 with covers 3 and 4 fitted to the ends so as 
to be pressure-tight The tubular part 2 has an 
inner shoulder 5 against which a circular partition 
6 bears axially there being an annular seal 7 

25 between the shoulder 5 and partition 6. The 

partition 6 extends across the entire cross^section 
of the tubular part 2 of the casing. The partition 6 
has cutouts In which tubes 8, which are parallel to 
the tube axis, are disposed in sealing-tight 

30 relationship, two such tubes being shown in 
Figure 1 . The arrangement of the tubes 8 within 
the cross-section of the casing 1 Is such that 
substantially the maximum number of tub^ 8 can 
be accommodated within the space available. 

35 Cylindrical filter elements 9 are disposed 
. within the tubes 8, the outer periphery of each 
element 9 engaging the inner periphery 26 of the 
respective tubes 8. The outer peripheral surface of 
each element 9 is the entry peripheral surface, 

40 that is to say the upstream surface, or the surface 
that the solution to be filtered first encounters 
during the filtration process. The filter elements 9 
are themselves tubular and each element 9 is 
closed by, plug 1 1 at the end adjacent the cover 

45 3. On its outer cylindrical surface each element 9 
has a helical groove 1 2, which forms a helical 
passage for the flow of liquid between the filter 
element 9 and the inner surface of the tube 8, the 
liquid to be filtered entering such passage at the 

50 inlet 1 3 shown on the left in Figure 1 , and leaving 
it at outlet 1 4 shown at the right-hand side of 
Figure 1 . The wails of the groove 1 2 form the 
entry surface 25, or the surface through which the 
liquid to be filtered enters the filter element. At 

55 the right hand end as shown in Figure 1 the filter 
element 9 projects beyond the end of the tube 8 
and is sealed by means of an annular seal 1 6 
located in a corresponding recess 1 5 in the right- 
hand cover A, said seal being pressed into the 

60 recess by a collar 1 7. 

The partition 6 divides the interior of the casing 
1 into a first chamber 1 8, which is situated on the 
left in Figure 1 and into which the inlet 1 9 of the 
casing 1 leads. The right hand chamber 20 in 

65 Figure 1 communicates with the concentrate 



outlet 21 of the casing. The interior 23 of the 
tubular filter elements 9 communicates with the 
exterior of the casing 1 via outlets 22 in the cover 
4. 

70 When the filter assembly is operating the 
pressure in the chamber 20 is practically the 
same as in the chamber 1 8 and in the groove 1 2, 
Since this pressure is operative both on the inner 
surface 26 of the tubes 8 and on their exposed 

75 outer pisripheral surface 28, the tubes 28 are 

subjected to substantially no pressure loading and 
can be accordingly of light weight. 

The filter system 10 operates as follows: The 
liquid for filtration flows through the inlet 1 9 of 

80 the pressure housing 1 Into the chamber 1 8 and 
then via the inlet 1 3 Into the helical groove 1 2, 
the liquid moves helically therein along the filter 
element 9, and leaves the outlet 1 4 of the groove 
to enter the chamber 20, from which it emerges 

85 as a concentrate from outlet 2 1 of pressure 

housing 1 . The pressure in the chambers 1 8, 20 
can be controlled by the pressure control valve 
24. 

During its passage through the helical groove 
90 1 2, some of the liquid for filtration enters the 
interior of the filter element 9 and in so doing 
leaves suspended and/or dissolved particles on the 
entry surface 25 formed by the outer periphery of 
the filter element 9, or by a coating applied to the 
95 filter element, but these particles do not lodge 
there but are immediately entrained by the 
passing liquid, i.e. they remain in the moving 
concentrate. After passing through the wall of the 
filter element 9, the filtrate enters the interior 23 

1 00 of the filter element and can be withdrawn at the 
outlets 22. The concentrate is returned to the 
Inlet 1 9 and recycled, if desired after entrained 
substances have been separated and after it has 
been combined with new liquid for filtration. In 

1 05 this way there is a continuous separation of the 
filtrate, e.g. pure water from waste water. 

The embodiment of the invention shown in 
Figures 3 and 4 differs from.that shown in Figures 
1 and 2 only in respect of the construction of the 

110 filter elements 9, the outside of which has 
peripherally distributed axial grooves 32 of 
substantially triangular cross-section instead of a 
helical groove of triangular cross-section as in the 
previous embodiment. The axial grooves 23 may 

115 alternatively be replaced by grooves having a 
slight pitch, since this may improve the contact 
between the liquid for filtration and the entry 
surface 25' of the filter element 9'. Otherwise the 
construction and operation of the embodiment 

1 20 shown in Rgures 3 and 4 corresponds to that 
shown in Figures 1 and 2. 

The triangular cross-sectional shape of the 
grooves in the embodiments illustrated in Rgures 
1 to 4 is not essential. Rounded or more 

125 rectangular cross-section may alternatively be 
used for the grooves. 

The filter system 1 1 0 shown in Figure 5 
comprises a pressure housing having the general 
reference 101, and consisting of a tube 1 02 of 

1 30 corrosion-resistant steel having, for example, an 
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Inside diameter of 220 mm and a wall thickness 
of about 8 mm. The tube 1 02 is closed so as to be 
pressure-tight by means of end members 103/ 
1 04 in the form of covers. The liquid for filtration 
5 is supplied at the connection 1 05 at high pressure 
e.g. 70 bar and emerges from connection 1 06. 
The filtrate passes through partitions 1 07 Into the 
chamber 1 08 and is withdrawn via the 
connection 1 09. Referring to Rgure 6, the interior 
1 0 of the tube 1 02 is filled substantially by a set of 
individual filter elements 109 which each have an 
external cross-section in the form of a regular (i.e. 
equilateral and equiangular) hexagon. The filter 
elements 1 09 consist, for example, of porous 
1 5 graphite or porous-sintered tubes of corro^on 
resistant steel. Together, the filter elements 1 09 
make up a tightly packed assembly the outer 
periphery of which is in the form of a rectangular 
hexagon. The assembly is enclosed by the inner 
20 periphery of the tube 1 02. In the illustrated 

example, 92 filter elements 1 09 are combined to 
form the assembly. 

The filter elements 1 09 are tubular and each 
have an inner passage 111. Each filter element 
25 1 09 has grooves 112 extending continuously in 
the longitudinal direction on the exterior or 
outside surface thereof and so disposed as to be 
situated exactly opposite the corresponding 
grooves 1 1 2 on the opposite hexagonal side of an 
30 adjacent tubular filter element 1 09. In this way, 
continuous liquid passages 1 1 3 are formed 
longitudinally and form a forced-flow path for the 
liquid for filtration introduced under pressure at 
connection 105. 
35 To ensure that the liquid really passes through 
the passages 1 13 and does not take the path of 
least resistance through the residual cross-section 
left outside the assembly of tubular filter elements 
1 09, said residual cross-sections are filled by 
40 shaped ftliing elements 1 1 4 of appropriate cross- 
section, one of which Is shown separately in 
Figure 8. The shape fiiiing elements must be able 
to withstand the pressure of the liquid so that 
they do not yield to open side paths to the liquid. 
45 The filling elements may extend over substantially 
the entire length of the housing 1 01 of the filter 
system 1 10. In some cases, however. It may be 
sufficient for them to provide just In a single 
transverse plane In the form of transverse 
50 bulkheads. 

The entire interior of the tube 1 02 on the left 
of the plate 1 30, shown in Rgure 5, which is in 
the form of a transverse bulkhead. Is subject to the 
pressure of the liquid for filtration introduced via 
55 connection 1 05. The individual filter elements 
1 09 are thus free of pressure loading on all sides 
and are not forced apart, for example, by the 
pressure in the passages 1 1 3. The liquid entering 
at connection 1 05 thus flows through the 
60 passages 1 1 3 to the right-hand end with 

reference to Figure 5, which corresponds to the 
end of the filter elements 1 09, as will be seen 
from Figure 1 0. This end of each filter element 
1 09 terminates at a distance from the plate 1 30, 
65 and this distance is bridged by the tubular 



members 131. The members 31 each engage by 
a projection 1 32 into the passage 111 of the filter 
elements 109 and also engage by a projection 

1 33 at the other end with apertures formed in 
70 the plate 1 30. In this way the passages 1 1 1 are 

connected in sealing-tight relationship to the 
chamber 1 08 which is situated on the right of the 
plate 1 30 in Figures 5 and 1 0. The filtrate is 
withdrawn from chamber 1 08 in a practically 

75 pressureless state, or at a slight pressure, through 
the connection 1 09. 

The liquid for filtration flowing from the ends of 
the passages 113 and entering the space left 
between the individual tubular members 131 

80 between the ends of the filter members 1 09 and 
the plate 1 30 is discharged through the 
connection 1 06 and re-cycled. ' 

The side of the plate 1 30 adjacent the space 

1 34 is clad (135) with corrosion-resistant steel. 
85 Figure 7 shows, in one figure, six alternative 

possibilities for the configuration of the cross- 
section of the grooves at the surface of the filter 
elements 109. Of course, in practice, the same 
grooves cross-section may be provided on all six 
90 sides of the filter element 1 09. 

The grooves 112, which are Illustrated In 
Rgure 6, have an equilateral triangular cross- 
section with the apex inwards, I.e. with the apex 
towards the passage 1 1 1 in the fitter element 
95 1 09. In the illustrated embodiment four grooves 
1 12 are provided on each side of the hexagon. 

The selection of the groove cross-section must 
be a compromise between different requirements. 
Of course the maximum possible entry surface is 
1 00 required for the filter element 1 09 but at the 

same time the cross-section of the passages 1 1 3 
formed by the grooves must be so large as to give 
a reasonable flow velocity and avoid the 
deposition of filter residues and the like on the 
1 05 groove walls. A triangular cross-sectional shape 
of the grooves 112 appears to be a satisfactory 
compromise, particularly because the entry 
surface Is not too far away from the Inner 
passages 111 and hence the liquid entry can be 
1 1 0 expected to be fairiy uniform. The grooves 112 
are also fairiy easy to produce because of their 
shallow depth. 

The grooves 115 which have a planar bottom, 
and upwardly curving side walls, i.e. a flat 
115 rectangular cross section, the long side of which 
is parallel to the surface of the filter element in 
which the groove is formed, are not so favourable, 
because the available entry surface and resulting 
passage cross-section are small. In the case of 
1 20 groove 1 1 6, which has a similar shape to that of 
groove 115, but Vi/hich has planar upwardly 
angled side walls, although the passage cross- 
section is more favourable, there is still on a small 
entry surface. 

1 25 The slightly curved cross-section of the groove 

1 1 7 poses substantially the same disadvantages 
in use as the groove 1 1 5. Although the grooves 

1 1 8 of deep semicircular section and 1 1 9 of deep 
triangular section with a curved apex give 

1 30 relatively large entry surfaces, the passage cross- 



BNSDOCID: <GB 2011796A_L> 



GB 2 oil 796 A 



section are too large so that the proportions of 
liquid flowing in the middle of the passage have 
practically no opportunity of coming Into contact 
with the passage wall. In particular, the distances 
5 between the individual points of the entry surface 
and the wall of the passage 111 differ 
considerably. 

Referring to Figure 9 In yet another 
embodiment of the invention, the tubular filter 

1 0 elements 129 have a substantially square outside 
cross-section and have three grooves 120 of 
triangular cross-section with the apex pointing 
inwards on each side of the square. The radial 
cross-section remaining at the outer periphery of 

1 5 the set filter elements 1 29 in relation to the Inner 
periphery of the tube 1 02 are filled by shape 
filling elements 124, 125 of appropriate cross- 
section* 

The exact construction of the filter material is 

20 unimportant. The filter elements may be porous 
filter elements which separate the particles from 
the liquid by means of the pores therein, or else 
they may be filter elements in which a cohesive 
coating, which is a filter diaphragm and 

25 constitutes the actual filter layer, is deposited at 
the entry surface on a porous element acting as a 
support. Diaphragm of this kind can be used to 
separate particles down to the size of molecules 
dissolved in the liquid for filtration. 

30 An important application of the filter system is 
to purify textile processing waste water to 
eliminate chemicals such as paste and the like, 
which have molecules of considerable size. In that 
case the filter elements may consist of graphite or 

35 sintered tubes of corrosion-resistant steel. They 
may have a diameter of 1 5 to 25 mm and may be 
combined to form an assembly in a comnion 
pressure housing, the assembly comprising 
between 30 and 1 00 filter tubes. 

40 It is to t>e appreciated that the drawings 
accompanying this Specification are primarily 
diagrammatic. 

In further embodiments of the Invention, not 
illustrated, the grooves may each follow a 

45 tortuous path over the surface of the filter element. 

Claims 

1 . A filter system comprising at least one 
tubular filter element with porous walls, through 
which the liquid passes substantially radially, 

50 particles above a specific size being prevented 
from entering the filter element at the entry 
surface through which the liquid enters the filter 
element wherein at least one externally closed 
groove forming a flow path leading from an Inlet 

55 for liquid to be filtered to an outlet for said liquid 
after liquid has been filtered therefrom Is provided 
in the said entry surface of the tubular filter 
element 

2. A filter system according to claim 1 wherein 
60 said entry surface is the outer peripheral surface 

of said filter element. 

3. A filter system according to claim 2, wherein 
the grooves are closed by a cylindrical closed 
surface engaging In sealing-tight relationship 



65 against the peripheral surface of the tubular filter 
element 

4. A filter system according to any one of 
. claims 1 to 3 wherein said closed surface is 
formed by the wall of a tube. 
70 5. A filter system according to any one of the 
preceding claims wherein the grooves extend 
substantially axially of the tubular filter element 

' 6. A filter system according to any one of 
claims 1 to 4 wherein the grooves extend helically 
75 on the tubular filter element. 

7. A filter system according to any one of 
claims 1 to 4 wherein the grooves follow a 
tortuous path over the tubular filter element 

8. A filter element according to claim 4 or any 
BO claim dependent thereon wherein the tube with 

the filter element is disposed in a pressure 
housing or casing in which the pressure of liquid 
from which liquid has been filtered acts on the 
free peripheral surface of the tube. 

85 9. A filter system according to claim 8, wherein 
the Inlet for liquid to be filtered Is situated at one 
end, and the outlet for liquid from which liquid has 
been filtered is situated at the other end of the 
tube, a pressure-tight partition is provided in the 

90 pressure housing or casing and is sealed to the 
pressure housing or casing and the tube and 
divides the pressure housing creasing into a first 
chamber and a second chamber, the said inlet to 
the filter element and also the inlet to the housing 

95 communicate with the first chamber and the said 
outlet of the filter element and the discharge 
outlet of the housing for liquid which has been 
filtered communicate with the second chamber. 

1 0. A filter system according to claim 9, 

1 00 wherein the discharge outlet is connected to a 
pressure control valve. 

1 1. A filter system according to any one of 
claims 1 to 3 or any one of claims 5 to 7 
dependent thereon wherein the grooves are 

1 05 closed by the surface of an adjacent tubular filter 
element 

1 2. A filter system according to claim 11, 
wherein the cross-section of the filter elements 
complement one another so that a plurality of 

110 filter elements form an assembly having an overall 
cross-section which Is tightly packed and has the 
liquid flow passages defined by the grooves. 

1 3. A filter system according to claim 1 2, 
wherein the filter elements, each have a regular 

1 1 5 polygonal cross-section. 

1 4. A filter system according to claim 1 3, 
wherein the filter elements have an equilateral 
and equiangular hexagonal cross-section. 

1 5. A filter system according to any one of 
1 20 claims 1 1 to 1 4, wherein the grooves of the 

adjacent filter elements are located with the open 
sides thereof situated opposite one another. 

1 6. A filter system according to any one of 
claims 1 1 to 1 5, wherein a plurality of grooves 

1 25 are disposed side by side on each side face of the 
filter element. 

1 7. A filter system according to any one of 
claims 1 1 to 1 6, wherein each groove has a 
cross-section which Is curved into the depth of 
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the side face of the filter element 

1 8. A filter system according to any one of 
claims 1 1 to 1 6, wherein each groove has a flat 
rectangular cross-section, the long side of which 

5 is parallel to the side of the polygon. 

1 9. A filter system according to any one of 
claims 1 1 to 1 6, wherein each groove has a 
triangular cross-section with the apex pointing to 
the centre of the filter element 

10 20, A filter system according to any one of 
claims 11 to 1 9, wherein the tubular filter 
elements together are disposed in a tubular 
housing and the residual cross-sectional areas of 
which cannot be filled by the filter elements are 

1 5 filled by filling elements of appropriate shape. 
21 . A filter system according to any one of 
claims i 1 to 20, wherein the tubular filter 
elements are disposed in a housing having two 
end caps, and the tubular filter elements being 

20 closed at one end and at the other end, tubular 
members being provided which produce a 
seaiing-tight connection between the interior of 



the tubular filter elements and the outside of the 
end piece. 

25 22. A filter system substantially as herein 
descnbed with reference to and as shown in 
Figures 1 and 2 of the accompanying drawings. 

23. A filter system substantially as herein 
described with reference to and as shown In 

30 Figures 3 and 4 of the accompanying drawings. 

24. A filter system substantially as herein 
described with reference to and as shown in 
Figures 5 to 8 and 1 0 of the accompanying 
dravidngs. 

35 25. A filter system substantially as herein 
described with reference to and as shown in 
Figure 9 of the accompanying drawings. 

26. A method of filtering comprising the step 
of utilizing a filter according to any one of the 

40 preceding claims. 

27. A product made by a method according to 
claim 26. 

28. Any novel feature or combination of 
features disclosed herein. 
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